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ABSTRACT 

There is provided in one embodiment an indicia reading 
terminal that can execute a spatial measurement mode of 
operation in Which the indicia reading terminal can determine 
a dimension of an article in a ?eld of vieW of the indicia 
reading terminal and/ or determine other spatial information. 
In determining a dimension of an article, an indicia reading 
terminal can utiliZe setup data determined in a setup mode of 
operation and/or data determined utilizing the setup data. 
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INDICIA READING TERMINAL HAVING 
SPATIAL MEASUREMENT FUNCTIONALITY 

FIELD OF THE INVENTION 

[0001] The present invention relates to imaging appara 
tuses generally and in particular, to an imaging apparatus 
having spatial measurement functionality. 

BACKGROUND OF THE INVENTION 

[0002] In the ?eld of transportation and shipping of goods, 
it can be useful to perform spatial measurements With respect 
to packages or other objects remotely, e.g., goods that are 
stacked on a pallet or in the interior of a truck or shipping 
container. Conventional approaches for determining an 
object distance include approaches using a distant remote 
sensor or stereo vision to estimate an object distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The features described herein can be better under 
stood With reference to the draWings described beloW. The 
draWings are not necessarily to scale, emphasis instead gen 
erally being placed upon illustrating the principles of the 
invention. In the draWings, like numerals are used to indicate 
like parts throughout the various vieWs. 
[0004] FIG. 1 is a system vieW shoWing an indicia reading 
terminal being used to determine a dimension of an article in 
a ?eld of vieW of the indicia reading terminal. 
[0005] FIG. 2 is a vieW illustrating an exemplary embodi 
ment of an indicia reading terminal operating in a setup mode, 
Wherein various setup data can be recorded at various termi 
nal to target distances. 
[0006] FIG. 3 is a perspective exploded vieW of an imaging 
module Which can be incorporated in a hand held housing of 
an indicia reading terminal. 
[0007] FIG. 4. is a perspective assembly vieW of an imaging 
module as shoWn in FIG. 3. 
[0008] FIG. 5 is a block diagram illustrating various hard 
Ware components of an indicia reading terminal in one 
embodiment. 
[0009] FIG. 6 is a How diagram illustrating operation of an 
indicia reading terminal in a measurement mode of operation 
in one embodiment. 
[0010] FIG. 7 is a top vieW of an imaging module projecting 
a pair of dimensioning light formations for use in determining 
dimensioning information shoWn in combination With an 
article being subject to dimensioning. 
[0011] FIG. 8 is a top vieW of an imaging module projecting 
a single dimensioning light formation for use in determining 
dimensioning information shoWn in combination With an 
article being subject to dimensioning. 
[0012] FIG. 9 is a diagram illustrating an exemplary data 
base in the form of a lookup table Which may be utiliZed by an 
indicia reading terminal. 
[0013] FIG. 10 is a vieW of an indicia reading terminal 
having a user interface con?gured to enable an operator to 
designate edge information of a frame of image data subject 
to image processing. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] There is described herein an indicia reading termi 
nal Which, in one embodiment, is operable in a setup mode in 
Which various data is recorded as the terminal is positioned at 
a knoWn distance from a target. In an “in use” mode of 
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operation made active after the setup mode is complete, the 
terminal can utiliZe the recorded data determined in the setup 
mode to provide highly accurate dimension (dimensioning) 
measurements and other distance measurements. There is 
shoWn in FIG. 1 an indicia reading terminal according to an 
embodiment described herein. An indicia reading terminal 
can have a setup mode and one or more “in use” operating 
modes. The “in use” operating modes can include a spatial 
measurement mode in Which the terminal determines spatial 
measurement information, e.g., a terminal to object distance, 
Z, one or more dimensions (e.g., Width, length, and/ or height) 
of an object, such as a package, and an indicia reading mode 
in Which the terminal decodes a message encoded in a decod 
able indicia. In an indicia reading mode the terminal can 
decode a bar code symbol to determine a decoded message 
corresponding to a bar code symbol. 

[0015] A shipping application in Which a package is subject 
to a delivery from one location to another is depicted in FIG. 
1. In a shipping application terminal 10 might be used to read 
a bar code symbol 5 disposed on article 15 as Well as deter 
mine at least one dimension (Width and/or length and/or 
height) of article 15. In the speci?c embodiment described, 
article 15 is shoWn as being provided by a package for deliv 
ery. HoWever, it Will be understood that article 15 can be 
provided by any object to be subject to spatial measurement. 
The dimension (dimensioning) information and other mea 
surement (e. g., volume measurement information) respecting 
article 15 might be used e.g., to determine a cost for shipping 
a package or for determining a proper arrangement of the 
package in a shipping container. In the speci?c example of 
FIG. 1, terminal 10 is con?gured to project a pair of dimen 
sioning formations 20, 22 on a substrate such as an article 15 
Within a ?eld ofvieW 25 of terminal 10. Formations 20, 22 are 
regarded as dimensioning formations since frames of image 
data including representations of the formations can be pro 
cessed for determining dimension information respecting an 
article. 

[0016] Terminal 10 in the embodiment of FIG. 1 can be 
con?gured to determine a dimension (e.g., Width, length, or 
height (thickness)) of article 15 by execution of a process in 
Which terminal 10 determines a pixel distance betWeen rep 
resentations of formations 20, 22. Terminal 10 as shoWn in 
FIG. 1 can project a pair of substantially parallel laser beams 
19, 21 Which project light formations 20, 22 on article 15. 
With light formations 20, 22 being projected on article 15, 
terminal 10 can be actuated to capture a frame of image data 
having representations of light formations 20, 22. Where the 
actual distance betWeen light formations 20, 22 can be esti 
mated, a surface dimension (e.g., Width) of article 15 respect 
ing a surface can be determined by the formula: 

[0017] Where D is the dimension (e.g., Width) of the pack 
age to be determined, d” is the estimated present actual dis 
tance betWeen the formations 20, 22 on the article, P” is the 
pixel distance betWeen representations of the edges of the 
package in the present captured frame of image data and p” is 
the pixel distance betWeen the representations of formations 
20, 22 in the present captured frame of image data. For ?nding 
the representations of edges, a suitable edge detection algo 
rithm can be employed. For example, a Laplacian or Lapla 
cian of Gaussian (LoG) ?lter can be applied to the captured 
frame of image data for detection of edges. 

(eq. 1) 
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[0018] In one method, the distance d” (the estimated 
present actual distance betWeen formations) can be a prede 
termined value based on design speci?cations for terminal 10. 
For example, if the beams forming light formations originate 
from sources that are 2 inches apart and are designed to be 
parallel to one another, it can be assumed that the formations 
Will be formed at a 2 inch spacing at the package at every 
possible terminal to target distance. However, estimating the 
actual distance betWeen formations 20, 22 based on design 
speci?cations of terminal 10 can lead to unacceptable inac 
curacies in dimensioning and other spatial measurements of 
terminal 10 Where terminal 10 deviates from the design speci 
?cation signi?cantly due to the tolerance introduced in the 
manufacturing process. 
[0019] In one embodiment, terminal 10 can be provisioned 
so that the distance d”, the estimated present distance betWeen 
light formations 20, 22, is determined utiliZing recorded setup 
data recorded in a setup mode of operation. With use of a 
setup mode according to the present description, manufactur 
ing costs typically associated With features and steps for 
achieving precise alignment of one or more light sources can 
be avoided and yet highly precise dimensioning and other 
spatial measurements can be yielded. 

[0020] An exemplary setup mode is described With refer 
ence to FIG. 2. In a setup mode terminal 10 can be moved 
betWeen one or more reading distances to a target. In the 
example shoWn in FIG. 2, terminal 10 is shoWn as being 
mounted on a sliding ?xture 202 and is slidably moveable 
betWeen various distances With respect to a target substrate 
206 Which in the example of FIG. 2 is shoWn as being pro 
vided by a test room Wall. At each knoWn distance, various 
setup data can be recorded. In one example, terminal 10 can 
be moved betWeen tWo terminals to target distances in a setup 
mode; namely, between 1 foot from a target at position 210 
and 6 feet from a target at position 212. At each controlled 
distance, pixel positions at Which formations 20, 22 are rep 
resented (e.g., the center of the representations of such for 
mations) can be recorded, and a pixel distance value can be 
calculated based on the position information. The recording 
of pixel positions can be carried out automatically, e.g., by 
subjecting a frame of image data having the formations rep 
resented therein to image processing or the determining of 
pixel positions can be carried out manually. For example an 
operator setting up terminal 10 can load a captured frame of 
image data having representations of formations 20, 22 
therein into a picture vieWing program having a pixel position 
readout functionality and the positions can be recorded by 
observation. Where a pair of pixel positions is given by (xl, 
yl), (x2, y2), a pixel distance can be given by the formula 
p:SQRT[(x2—xl)A2+(y2—yl)A2]. Even Where terminal 10 is 
designed to project beams 19, 21 in parallel, terminal 10, 
according to manufacturing tolerances may project beams 19, 
21 in such manner that beams 19, 21 are not parallel. Accord 
ingly, the position of formations 20, 22 may change as termi 
nal 10 is moved. At a ?rst distance (e.g., 1 foot) terminal 10 
may project formations 20, 22 in the position of formations 
20,22 of FIG. 2. At a second distance (e. g., 6 feet) the terminal 
10 may project formations at the position of formations 20a, 
22a as shoWn in FIG. 2. Rather than utiliZing a sliding ?xture 
202 in a setup mode to achieve various controlled terminal to 
target distances, an operator in a setup mode can maintain 
terminal 10 at a ?xed position and can raise a target at differ 
ent knoWn distances from terminal 10. In a setup mode, 
terminal 10 can be in a disassembled state. For example, a 
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setup mode can be carried out by moving imaging module 
300 betWeen various terminal to target distances prior to its 
incorporation into terminal housing 11. Housing 11 can be 
con?gured to be hand held so that terminal 10 When compris 
ing housing 11 is a hand held terminal. 
[0021] Indicia reading terminal 10 can be conveniently 
implemented With use of a single housing such as housing 11 
Which houses the entirety of electronic circuitry necessary for 
carrying out the processing described herein. HoWever, it Will 
be understood that terminal 10 can be implemented utiliZing 
electrical circuitry for carrying out the processing described 
herein that is spread betWeen a plurality of spaced apart 
locations. For example, a subset of the described processing 
can be carried out by electrical circuitry With a hand held 
housing, and a subset of the processing can be carried out by 
electronic circuitry Within a stationary housing. In one 
example, the various electronic circuitry components can be 
in communication over an IP netWork. 

[0022] Once a set of pixel positions and therefore pixel 
distances are recorded as setup data at a pair of terminal to 
target distances, a present terminal to target (Z) distance can 
be determined from any measured pixel distance, p”, (Where 
p” can be measured by subjecting a frame of image data to 
image processing) using the formula: 

[0023] Where a and b are constants solved applying linear 
interpolation using the set of linear interpolation formulas 
p l:a+b/ Z1, p2:a+b/Z2, Where Z1 is a ?rst recorded setup mode 
terminal to target distance recorded as a setup data value, Z2 is 
the second recorded setup mode terminal to target distance 
recorded as a setup data value, p 1 is the recorded pixel dis 
tance at the terminal to target distance Z 1 recorded as a setup 
data value, and p 2 is the pixel distance at the terminal to target 
distance Z2 recorded as a setup data value. 
[0024] At each setup mode terminal to target distance, there 
can also be recorded as setup data formation distances at 
various terminal to target distances d; i.e., the actual distance 
betWeen the formations on a test substrate, e.g., substrate 206. 
Once formation distances, dl and d2 are recorded as setup data 
at a set of controlled terminal to target distances, Z1 and Z2, 
Where pixel distances p 1 and p 2 are also recorded at the setup 
mode terminal to target distances Z1, Z2, the distance d”, the 
present distance betWeen formations 20, 22, at any terminal to 
target distance can be determined by application of the for 
mula: 

[0025] Where Zn is the present terminal to target distance 
Which can be determined utiliZing the measured present pixel 
distance, p”, by applying Equation 2, Where f and g are con 
stants solved applying linear interpolation utiliZing the set of 
linear interpolation formulas Z1:f+g/d1; Z2:f+g/d2; Where Z 1 
is a ?rst setup mode terminal to target distance recorded as a 
setup data value, Z2 is the second terminal to target distance 
recorded as a setup data value, and d1 and d2 are the actual 
recorded setup data value distances (the distance betWeen 
formations 20, 22) While the terminal is positioned at the ?rst 
distance, Z1, and the second distance, Z2, respectively. The 
actual setup data distances d1, d2 can be recorded manually, 
e.g., by measuring With a ruler; or automatically, e.g., by 
disposing on target substrate 206 a grid having reference 
distance indicators and processing a frame of image data 
including a representation of the formations 20, 22, forma 
tions 20a, 22a and the grid. It is seen that both the present 
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terminal to target distance, z”, and formation distance d” (the 
actual distance betWeen formations 20, 22) can be determined 
utilizing a present pixel distance p” of formation representa 
tions and recorded setup data values (e.g., Z1, Z2, pl, p2, d1, d2) 
and/or data (e.g., formula constants) determined utilizing 
such setup data recorded in a setup mode. 

[0026] By recording setup data in the manner described 
herein, terminal 10 can determine accurate spatial measure 
ments, e.g., terminal target distance measurements, and 
dimension (h, W, 1) measurements even Where, as a result of 
manufacturing tolerances, at least one light formation is pro 
jected by the terminal angle that deviates from a desired angle 
of projection. For example, Where a light formation project 
ing light beam is designed to project a beam in parallel With an 
imaging axis 30, the light beam, due to manufacturing toler 
ances might be projected substantially in parallel With the 
imaging axis but might deviate from a parallel relationship 
With the imaging axis by a deviation angle With less than 3 
degrees. Similarly Where terminal 10 is designed to project a 
?rst and second light formation, the terminal might be 
designed to project beams forming the formations parallel to 
one another, but due to manufacturing tolerances, the beams 
might, though substantially parallel, diverge at a deviation 
angle of less than 5%. It Will be seen that utilizing setup data 
as described herein, terminal 10 When operating in a spatial 
measurement mode can normalize changes in pixel distances 
measurements resulting from such deviation angles so that 
determined spatial measurements are substantially indepen 
dent of the terminal to target distance. Utilizing setup data as 
described herein, it Will be understood that indicia reading 
terminal 10 can normalize terminal to target distance depen 
dent changes in pixel distance measurements resulting from a 
deviation angle as described herein so that spatial measure 
ments are substantially independent of the terminal to target 
distance. 

[0027] With setup data recorded in a setup mode, terminal 
10 can be con?gured so that in an “in use” spatial measure 
ment mode, the terminal can utilize the setup data recorded in 
a setup mode and/or data (e. g., formula constants) determined 
utilizing the setup data to perform spatial measurement cal 
culations. In utilizing the setup data recorded in a setup mode 
and/ or data determined utilizing the setup data, terminal 10 
can apply various formulas e.g., Equation 2 or Equation 3 
described herein having constants determined utilizing the 
setup data. As described herein the setup data recorded in a 
setup mode can include recorded pixel position data and, 
therefore, pixel distance data derivable from pixel position 
data at one or more controlled terminal to target distances. 
Recorded setup data recorded in a setup mode can also 
include actual formation distances (the actual recorded dis 
tance betWeen formations) at various controlled terminal to 
target distances. Data determined utilizing recorded setup 
data recorded in a setup mode can include constants of for 
mulas derived from the recorded setup data z distance, pixel 
distance, and/ or actual formation distance data recorded in a 
setup mode. 
[0028] Referring again to terminal 10 as shoWn in FIG. 1, 
terminal 10 can include a preassembled imaging module con 
?gured to project formations. An example of an imaging 
module that can be utilized With terminal 10 is shoWn and 
described With reference to FIGS. 3 and 4. 

[0029] Referring to FIGS. 3 and 4, imaging module 300 for 
supporting various components of terminal 10 is described. 
Mounted on ?rst circuit board 302 can be image sensor 32, 
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illumination light sources 308 (e.g., LEDs), and aiming light 
sources 310, 311 Which canbe provided by laser diode assem 
blies. A shroud 312 can be disposed forWardly of image 
sensor 32, and disposed forWardly of shroud 312 can be a lens 
holder 304, for holding an imaging lens. An optical plate 318 
having a diffusion surface formed thereon for diffusing light 
from illumination light sources 308 can be disposed over 
holder 304 so that hole 322 ?ts over holder 304. An imaging 
module in an assembled form is shoWn in FIG. 4. Imaging 
module 300 can be incorporated in and can be supported by 
hand held housing 11 of terminal 10. 

[0030] A block diagram of an electrical component circuit 
diagram supporting operations of terminal 10 is shoWn in 
FIG. 5. Terminal 10 can include image sensor 32 Which can be 
provided on an integrated circuit having an image sensor pixel 
array 33 (image sensor array), column circuitry 34, roW cir 
cuitry 35, a gain block 36, an analog-to-digital converter 37, 
and a timing and control circuit 38. Image sensor array 33 can 
be a tWo dimensional image sensor array having a plurality of 
light sensitive pixels formed in a plurality of roWs and col 
umns. Terminal 10 can further include a processor 60, an 
illumination control circuit 62, a lens control circuit 64, an 
imaging lens assembly 40, a direct memory access (DMA) 
unit 70, a volatile system memory 80 (e.g., a RAM), a non 
volatile system memory 82 (e.g., EPROM), a storage memory 
84, a Wireline input/output interface 90 (e.g., Ethernet), and 
an RF transceiver interface 92 (e.g., IEEE 802.1 1). As shoWn 
throughout various vieWs, terminal 10 can include imaging 
axis 30. In one example, the recorded data including the 
derived formula constants described herein for determining a 
z distance and/ or an actual formation distance (distance 
betWeen formations) described With reference to a setup 
mode can be retained in nonvolatile memory 82, Where the 
data can be accessed by processor 60 When executing steps of 
a program Wherein a dimensioning value can be determined. 
In the embodiment of FIG. 5, terminal 10 can include a single 
image sensor array 33 disposed on a single image sensor 32, 
and terminal 10 can determine terminal to target distances (z 
distance) and horizontal/vertical dimensions (W, l dimen 
sions) by processing image data corresponding to image sig 
nals generated by single image sensor array 33. 
[0031] Regarding illumination control circuit 62, illumina 
tion control circuit 62 can receive illumination control signals 
from processor 60 and can responsively deliver poWer to one 
or more illumination light sources such as light sources 308, 
and one or more aiming light sources such as aiming light 
sources 310 and 311 shoWn as being provided by laser diode 
assemblies. Terminal 10 can also include a keyboard 94, a 
trigger button 95, and a pointer controller 96 for input of data 
and for initiation of various controls and a display 97 for 
output of information to an operator user. Terminal 10 can 
also have an acoustic output device 99. Terminal 10 can also 
include a system bus 98 providing communication betWeen 
processor 60 and various components of terminal 10. DMA 
unit 70 can be provided by, e.g., a ?eld programmable gate 
array (FPGA) or an application speci?c integrated circuit 
(ASIC). While shoWn as being separate units, DMA unit 70 
and processor 60 can be provided on a common integrated 
circuit. In response to control signals received from processor 
60, timing and control circuit 38 can send image sensor array 
33 timing signals to array 33 such as reset, exposure control, 
and readout timing signals. After an exposure period, a frame 
of image data can be read out. Analog image signals that are 
read out of array 33 can be ampli?ed by gain block 36 con 
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verted into digital form by analog-to-digital converter 37 and 
sent to DMA unit 70. DMA unit 70, in turn, can transfer 
digitized image data into volatile memory 80. Processor 60 
can address one or more frames of image data retained in 
volatile memory 80 for processing of the frames for deter 
mining a dimension of an article and/or for decoding of 
decodable indicia represented therein. 
[0032] Further aspects of terminal 10 are noW described 
With reference to FIG. 1 and the How diagram of FIG. 6. 

[0033] It is seen With reference to the vieW of FIG. 1 that 
terminal 10 can incorporate a graphical user interface and can 
present buttons 106, 108, 110 corresponding to various oper 
ating modes such as a setup mode, a spatial measurement 
mode, and an indicia decode mode. While the setup mode 
described herein can be performed as part of a manufacturing 
process prior to terminal 10 being delivered to an enduser, the 
mode can also be made available as a selectable menu option 
that may be selected by a user Who has access to a controlled 
test environment Wherein terminal 10 to target distances can 
be controlled. It may be desirable to run the setup mode a 
second time after a ?rst time on manufacture, e.g., if aiming 
light sources of terminal 10 have become misaligned through 
use. Further respecting the menu buttons, terminal 10 can be 
con?gured so that selection of button 106 activates a setup 
mode, selection of button 108 activates a spatial measurement 
operating mode, and selection of decode button 110 activates 
a decode button. An exemplary setup mode has been 
described herein above With reference to FIG. 2. While con 
?guring terminal 10 to include a menu interface for use in 
selecting the mentioned modes of operation, it is understood 
that terminal 10 can be con?gured so that the various modes 
may be made active Without use of a menu interface. Also, 
terminal 10 can be con?gured so that more than one of the 
described modes can be active simultaneously. For example, 
terminal 10 can be con?gured to perform spatial measure 
ments simultaneously While decoding decodable indicia, and 
to output spatial measurement information simultaneously 
While outputting decoded message data. 
[0034] Regarding a spatial measurement mode, an exem 
plary spatial measurement mode Which may be made active 
by selection of button 106 is described With reference to the 
How diagram of FIG. 6. In a spatial measurement operating 
mode, terminal 10 can perform one or more spatial measure 
ments, e. g., measurements to determine one or more of a 

terminal to target distance (Z distance) or a dimension (e. g., W, 
l, h) of an article or another spatial related measurement (e.g., 
a volume measurement, a distance measurement betWeen any 
tWo points). Returning to the illustrative example of FIG. 6, at 
block 602, terminal 10 can capture a frame of image data. 
Terminal 10 can be con?gured so that block 602 is executed 
responsively to trigger 95 being initiated. At block 606, ter 
minal 10 can ?nd representations of formations 20, 22 in the 
captured frame of image data captured at block 602. Repre 
sentations of formations 20, 22 Will typically include a cluster 
(a set of positionally adjacent pixel values) of high White level 
pixel values and accordingly, can be easily discriminated 
from other pixel values. At block 606, terminal 10 can deter 
mine the pixel positions associated With each light pattern 
formation 20, 22; and therefrom, can determine a pixel dis 
tance value, p”, for the set of formations. A center of a repre 
sentation of a formation 20, 22 can be regarded as a pixel 
position for the formation representation. At block 610, ter 
minal 10 can determine an actual distance, d”, betWeen for 
mations 20, 22 that have been projected on a substrate, e.g., 
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article 15 Within a ?eld of vieW 25 of terminal 10. In executing 
block 610, terminal 10 can utiliZe recorded data recorded in a 
setup mode of operation. For example, in a setup mode there 
can be recorded the constants (coef?cients) of Equations 2 or 
3, and terminal 10 at block 610 can apply Equation 2 at block 
610 for determination of a present terminal to target distance 
(Z distance) and can apply Equation 3 at block 610 for deter 
mination of a present distance, d”, betWeen formations 20, 22. 
Alternatively at block 610, terminal 10 can determine the 
present formation distance d”, by reading a predetermined 
value based on the design speci?cations of terminal 10. 

[0035] Further referring to the How diagram of FIG. 6 ter 
minal 10 at block 614 can determine pixel positions of the 
frame of image data captured at block 602 corresponding to 
edges 130, 132 of article 15 being subject to dimension mea 
suring (dimensioning). For ?nding representations of edges, 
terminal 10 can apply a suitable edge detection mask (e.g., a 
3x3 kernel mask) to the captured frame of image data. Suit 
able edge detection masks can include, e. g., Laplacian or 
Laplacian of Gaussian (LoG) masks. When the pixel posi 
tions representing a pair of opposing edges 130, 132 has been 
determined, a pixel distance betWeen pixel positions of the 
edge representations can be determined. For determining a 
distance betWeen edge representations, a line can be draWn in 
the frame of image data betWeen the representations of for 
mations 20, 22 and the points of the edge positions intersect 
ing the line can be selected as the edge representation points 
of interest for determining the edge pixel distance, PM. At 
block 602 terminal 10 can also determine a pixel distance, PM‘, 
betWeen representations of vertical edges 134, 136 of article 
15 using any of the methods described herein for determining 
the pixel distance of representations of edges 130, 132. 
[0036] When the edge pixel distance, P”, is determined at 
block 614, terminal 10 further at block 614 can apply the edge 
pixel distance and the formation pixel distance, p” together 
With the determined actual formation distance, d”, in the 
formula of Equation 1 to return a package dimension (e.g., the 
X direction Width dimension (W) of article 15). Terminal 10 at 
block 614 can also determine a present Z distance (terminal to 
target object distance) utiliZing recorded data recorded during 
a setup mode, e.g., by application of the formula of Equation 
2, constants of Which can be stored in a memory, e. g., memory 
accessible by processor during the setup mode or determined 
at block 614. At block 614, terminal 10 can also determine a 
length of a dimension, 1, of article 15 applying Equation 1, 
substituting PM‘ for P” therein, Where PM‘ is the pixel distance 
betWeen article representation edges in the Y direction (see 
the X,Y, Z reference axes in FIG. 1).At block 618, terminal 10 
can output the determined package dimension value, e. g., 
Width, W, length, 1, height, h, present Z distance value (i.e., the 
distance betWeen terminal 10 and the object 15 being subject 
to measurement), and present actual formation distance, d”, 
value. When outputting such data, terminal 10 can display the 
data on display 97. 

[0037] In one embodiment of a spatial measurement mode, 
terminal 10 can be con?gured so that When a spatial measure 
ment mode is made active, terminal 10 Waits for trigger 95 to 
be actuated (depressed and released) a ?rst and second time, 
processes a frame of image data captured responsively to each 
trigger actuation and automatically outputs a volume dimen 
sion of article 15 after processing a frame captured respon 
sively to the second trigger actuation. More speci?cally in the 
described embodiment, terminal 10 after trigger 95 is 
depressed a ?rst time can capture and process a ?rst frame of 
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image data to determine Width and length (W and l) dimen 
sions of an article 15 as has been described herein. With W and 
1 dimensions determined responsively to a ?rst trigger depress 
and release, an operator can move terminal 10 and/or article 
15 in such manner that When a trigger 95 is pulled a second 
time, terminal 10 Will have a ?eld of vieW 25 in Which an 
adjacent side of article 15 is encompassed Within a ?eld of 
vieW 25 of terminal 10 in such a manner that formations are 

projected at the location of formations 20', 22' as is shoWn in 
FIG. 1. Accordingly, When trigger 95 is depressed a second 
time after a spatial measurement mode is made active termi 
nal 10 can capture and processes a frame of image data to 
determine a height dimension, h, utiliZing Equation 1 With 
neW edge pixel distance values substituted for p” in Equation 
1, and utiliZes the determined Width (W), length (l), and height 
(h) dimensions to return a volume measurement for terminal 
10. According to the described embodiment, terminal 10, 
after a spatial measurement mode is made active, Waits for 
trigger 95 to be actuated ?rst and second times. After actua 
tion (e.g., depression and release) of trigger 95 a ?rst time, 
terminal 10 can capture and process a frame of image data to 
calculate one or tWo of W, l, h dimensions of an article in the 
?eld of vieW. After an actuation of trigger 95 a second time, 
terminal 10 can capture and process a second frame of image 
data to calculate at least tWo of W, l, h dimensions of article x 
and multiply the dimension(s) calculated With the dimension 
(s) calculated utiliZing the ?rst frame of information to return 
a volume value Which can be output (e.g., to a display 97). 

[0038] In another embodiment, terminal 10, for example at 
block 618 When executing the steps of the How diagram of 
FIG. 6 can automatically return a missing dimension value 
e.g., a height value, h, by processing a frame of image data to 
determine one or more article dimensions, e.g., a Width or 
length or height of article 15 utiliZing previously knoWn char 
acteristics of the types of articles that are expected to be 
subjected to image capture by terminals. For example, termi 
nal 10 can be con?gured so that at block 618 terminal 10 
queries a database, e.g., a lookup table such as lookup table 
900 of FIG. 9 correlating box dimensions (W, l, h) of various 
candidate box types. In certain data collection applications it 
is expected that certain articles might be made available in a 
limited number of predetermined siZes. In such applications a 
lookup table in communication With terminal 10 Which can be 
co-located at terminal 10 can be provided With roWs corre 
sponding to each candidate box siZe correlating box dimen 
sions and a volume value. If no tWo candidate box siZes share 
a common dimension, it Will be seen that With use of a lookup 
table as described, a volume measurement for an article in the 
form of a box can be returned utiliZing the lookup table by 
determining a single dimension, (W, l, h) of such a box. In the 
lookup table 900 as shoWn in FIG. 9, there is shoWn a lookup 
table con?gured for use in an application Wherein there are 
?ve candidate boxes With none of the boxes having a dimen 
sion (W, l, h) in common With another candidate box. In such 
an application, terminal 10 utiliZing lookup table 900 can 
determine any box dimension and a volume value for a box by 
determining by Way of image processing a single dimension 
(W, l, or h) for a box and utiliZing lookup table 900 to deter 
mine the remaining dimensions and volume value for the box. 
Where no tWo candidate boxes of a set of candidate boxes 
share more than one common Width (W), length (l), or height 
(h) dimension, box siZes (types) can be discriminated and 
missing box dimension and volume values determined utiliZ 
ing only tWo determined dimension values (e. g., W and 1) 
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determined by Way of image processing. A volume value of 
an article 15, as Well as a type identi?er of article 15 can be 

output to display 97 at block 618. 

[0039] It has been described relative to the How diagram of 
FIG. 6 that terminal 10 at block 614 can ?nd edges 130, 132 
by utiliZing an appropriate edge ?nding image processing 
algorithm. In another embodiment, terminal 10 at block 614 
can ?nd edges of an article utiliZing feature information des 
ignated by an operator. For example, by reading edge posi 
tions of a captured image that are designated by an operator. 
In one embodiment, terminal 10 can be con?gured so When a 
trigger 95 is depressed to capture a frame With a spatial 
measurement mode made active, terminal 10 outputs the 
frame to display 97 for spatial vieWing by an operator 
together With operator controllable indicators superimposed 
on the displayed image. Terminal 10 can be con?gured so that 
an operator can control the positioning of the superimposed 
indicators e.g., cursors With use of pointer controller 96 to 
designate edge positions of a captured frame captured for 
processing for determining of dimensioning and/or other 
measurement information. As shoWn in FIG. 10 terminal 10 
can be con?gured so that in a spatial measurement mode 
terminal 10 displays on display 97 captured frames captured 
for processing for determination of measurement informa 
tion. Terminal 10 can be con?gured so that together With 
representation 115 of article 15 there can be display indica 
tors on display 97 for use in designating edge positions. In the 
example of FIG. 10 the formations are in the form of cursors 
902, 904, 906, 908, including a ?rst set of cursors 902 and 
904, and a second set of cursors 906 and 908. Terminal 10 can 
be con?gured so that an operator With use of pointer control 
ler 96 and pointer 196 can move ?rst set of cursors 902, 904 
for designating edges of an article in the Width dimension of 
the article 15 and can utiliZe cursors 906, 908 to designate 
edges of article 15 in a length dimension of article 15. Termi 
nal 10 can also be con?gured so that an operator can apply the 
cursors 902, 904, 906, 908 on the representations of the four 
corners of an article, represented in the form of a box, and 
terminal 10 can draW lines through such designated points to 
de?ne W and l dimension edges of the representations of 
article 15 being processed. An embodiment Where terminal 
10 is con?gured so that an operator can designate edge posi 
tions on an article representation either by designating edges 
representations directly or article comer representations rela 
tive to an article representation, terminal 10 at block 614 in 
?nding edge positions of an article representation can read the 
designated positions designated by an operator. 
[0040] In another aspect, terminal 10 can be con?gured so 
that terminal 10 can adjust a position of designed comer 
representation designated manually by an operator respon 
sively to image processing of the frame of image data includ 
ing the article representation. For example, terminal 10 can be 
con?gured so that responsively to a comer representation 
being designated, terminal 10 establishes a subset of the 
image data making up of the frame of image data as a region 
of interest and then subjects the image data of the region of 
interest to image processing, e. g., application of edge detec 
tion masks for location edge representations Within the region 
of interest. Terminal 10 can be con?gured to adjust the posi 
tion of the corner position if the processing of the image data 
indicates that the actual position of the corner representation 
is different than the position of the comer representation 
designated by the operation. The region of interest can be 
positionally related to the designated corner representation 
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designated by the operator. In one embodiment, the region of 
interest can be a predetermined tWo dimensional set of pixel 
positions surrounding the center pixel position of a corner 
representation designated by an operator. In an embodiment 
Where terminal 10 automatically adjusts a designated corner 
position by subjecting a region of interest about the desig 
nated corner point to edge ?nding image processing, it is seen 
that terminal 10 utiliZes both user (operator) designated fea 
ture information designated by an operator and edge detec 
tion image processing in ?nding edges of an article represen 
tation. 

[0041] In another embodiment Where terminal 10 utiliZes 
both user designated feature information and edge ?nding 
image processing in ?nding edges of an article representation 
at block 614, terminal 10 ?nds edge representations of an 
article representation responsively to an operator designating 
a limited number of comer representations of the article rep 
resentation. For example, terminal 10 can prompt an operator 
to designate a single comer representation of a frame of image 
data Which position may or may not be single corner repre 
sentation of a frame of image data Which position may or may 
not be then adjusted responsively to image processing as 
described above. Terminal 10 can then determine the edge 
positions of the article representation by application of an 
edge detection image processing algorithm and can utiliZe the 
user designated comer position in verifying that the detected 
edges are actual article edge representations and not “false” 
edge position representation as might be created, e.g., by a 
representation of an article including a representation of a 
photograph of a box. 

[0042] In another example, terminal 10 can automatically 
determine the locations of representations of article edges in 
a captured frame of image data by draWing lines through a 
limited number of comer positions designated by an operator 
(Which may be adjusted or not adjusted as described) and 
interpolating missing lines as is necessary. In one example, 
terminal 10 responsively to an operator designating succes 
sive ?rst, second, and third comer representations have been 
designated, can draW a ?rst imaginary line intersecting the 
?rst and second designated corner representations and a sec 
ond imaginary line intersecting the second and third desig 
nated corner representation. Terminal 10 can then draW an 
imaginary third line parallel to the ?rst line and intersecting 
the third designated comer, and an imaginary fourth line 
parallel to the second line and intersecting the ?rst designated 
corner. Edge pixel distances can be determined utiliZing the 
?rst and third lines and/ or the second and fourth lines. 

[0043] Regarding a decode mode of operation, terminal 10 
can be con?gured so that With a decode mode active, depress 
ing trigger 95 drives terminal 10 into an active reading state. 
In an active reading state, terminal 10 can attempt to decode 
decodable indicia such as bar code symbols or OCR charac 
ters represented in captured frames of image data. In an active 
reading state, terminal 10 can be adapted so that processor 60 
can subject to a decode attempt a frame of image data retained 
in memory 80. For example, in attempting to decode a ID bar 
code symbol represented in a frame of image data, processor 
60 can execute the folloWing processes. First, processor 60 
can launch a scan line in a frame of image data, e.g., at a center 
of a frame, or a coordinate location determined to include a 
decodable indicia representation. Next, processor 60 can per 
form a second derivative edge detection to detect edges. After 
completing edge detection, processor 60 can determine data 
indicating Widths betWeen edges. Processor 60 can then 
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search for start/ stop character element sequences, and if 
found, derive element sequence characters character by char 
acter by comparing With a character set table. For certain 
symbologies, processor 60 can also perform a checksum 
computation. If processor 60 successfully determines all 
characters betWeen a start/stop character sequence and suc 
cessfully calculates a checksum (if applicable), processor 60 
can output a decoded message. When outputting a decoded 
message, processor 60 can one or more of (a) initiate transfer 

of the decoded message to an external device, (b) initiate 
display of a decoded message on a display of terminal 10, (c) 
attach a ?ag to a buffered decoded message determined by 
processor 60, and (d) Write the decoded message to an address 
of long term memory, e.g., 82 and/or 84. At the time of 
outputting a decoded message, processor 60 can send a signal 
to an acoustic output device 99 of terminal 10 to emit a beep. 
When outputting measurement data at block 618, Which can 
include package volume measurement data, terminal 10 can 
one or more (a) initiate transfer of the measurement informa 
tion to an external device, (b) initiate display of the measure 
ment information to a display of terminal 10, (c) attach a ?ag 
to buffered measurement information and (d) Write the mea 
surement information to an address of a long term memory, 
e.g., 82 or 84. 

[0044] In the embodiment of FIGS. 1-6, terminal 10 is 
con?gured to project a pair of formations 20, 22 on substrate 
15 foruse in determining a dimension of a substrate, provided 
in the example by article 15. Such formations can be pro 
duced With use of a light generating assembly having a pair of 
laser diode assemblies 310, 311 as shoWn in FIGS. 3 and 4 and 
further as is shoWn in the top vieW of FIG. 7. Alternatively, a 
light generating assembly can be employed that includes, 
e.g., a single laser diode assembly in combination With light 
shaping elements adapted so that a pair of light formations 20, 
22 are projected on a substrate. In any of the described 

embodiments, each laser diode assembly can be replaced by 
a light emitting diode (LED) in combination With light shap 
ing optics suitable for projecting of a light formation. In 
another embodiment, terminal 10 can be adapted to project a 
single light formation 20 on substrate 206 provided by article 
15 for purposes of determining one or more dimensions of 
terminal 10. In FIG. 8, there is shoWn a top vieW of an 
alternative imaging module 300' having a single laser diode 
assembly 310 for projecting a single light formation 20 on 
substrate 15. Module 300' is identical to module 300 except 
that second laser diode assembly 311 is deleted. 

[0045] Where terminal 10 includes an imaging module 300' 
that projects a single light formation 20 rather than a plurality 
of light formations, the recording of data in a setup mode is 
the same as in the example described above except that a 
center or other ?xed reference pixel position value is substi 
tuted for the second formation pixel position data recording. 
It is observed that the pixel position of a representation of 
single formation 20 relative to an arbitrary reference pixel 
position Will vary as the Z distance of terminal 10 is changed. 
For performance of determining dimensioning information, 
steps including determination of an actual distance betWeen a 
pair of projected formations 20, 22 can be substituted by steps 
for determining the actual distance betWeen a position of a 
single formation 20 and a reference position e.g., center of a 
?eld of vieW of terminal 10. In one embodiment of a terminal 
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including a single formation projecting light generating 
assembly Where the assembly projects a light beam forming 
the formation substantially parallel to an imaging axis 30, the 
single light formation is projected at a position spaced apart 
from the position at Which an imaging axis 30 of terminal 10 
intersects a substrate onto Which the formation is projected. In 
such manner, the pixel position of a representation of the 
formation Will vary in a captured frame of image data in a 
manner that depends on the spacing betWeen terminal 10 and 
the substrate. 

[0046] While an embodiment Wherein a single dimension 
ing formation 20 is projected onto substrate 15 may be pre 
ferred for cost reasons in some embodiments, an embodiment 
Wherein a plurality of dimensioning formations are projected 
may provide ease of use and accuracy advantages. In each 
embodiment described, projected dimensioning formations 
20, 22 can be projected using visible light rays. Accordingly, 
the projecting of a pair of formations on a substrate, e.g., 
substrate 15 alloWs terminal 10 to be easily oriented in an 
orientation relative to article 15 that Will yield a desired dis 
tance measurement. For purposes of improving the accuracy 
With Which a dimension or an article can be measured, termi 
nal 10, Where equipped With a light generating assembly 
projecting a pair of light formations, should be aligned With 
an article in such manner that the pair of formations are 
projected in a substantially parallel orientation relative to a 
?rst (e.g., edge 134) edge of the article being subject to 
dimensioning and substantially perpendicularly relative to a 
second edge (e.g., edge 132) of the article being subjected to 
dimensioning Where the article being subject to dimensioning 
is a typical box comprising a plurality of substantially 
straight, right angle related edges. In a method for utiliZing 
terminal 10 having a dimensioning formation projecting light 
generating assembly, a spatial measurement mode can be 
selected (activated), terminal 10 can be manually aligned so 
that formations 20, 22 are projected as shoWn in FIG. 1 
substantially parallel to a ?rst edge of an article and substan 
tially perpendicular to a second edge of an article, an actuator 
e.g., trigger 95 can be actuated to capture a frame of image 
data representing the article, and the frame of image data can 
be processed to determine a dimension e.g., W, l, h of the 
article, in a manner described herein. For example, terminal 
10 by processing the frame of image data can determine PM, 
the distance betWeen representations of a pair of opposing 
edges (e.g., 130, 132), p”, the pixel distance betWeen repre 
sentations of formations 20, 22, and can determine a dimen 
sion utiliZing P”, p”, and d”, Where d” is an estimated present 
actual distance betWeen formations 20, 22 Which can be either 
a predetermined value selected based on design speci?cations 
of terminal 10 or a determined value determined utiliZing one 
or more of setup data and data determined utiliZing setup data. 
The selecting and aligning steps can be any order. In other 
aspects of the described method, an instruction manual can be 
provided. The instruction manual can be e. g., a paper instruc 
tion manual and an electronically displayed instruction 
manual for display e. g., on display 97 or a played audio 
recording instruction manual. The instruction manual can 
include the instruction that an operator should align terminal 
10 so that formations 20, 22 are oriented so as to be oriented 
at least one of parallel With a ?rst edge of an article or per 
pendicular to a second edge of article 15 prior to a time that 
trigger 95 is actuated to capture a frame of image data to be 
subject to processing for measurement determination. 

Feb. 12, 2009 

[0047] A small sample of systems methods and apparatus 
that are described herein is as folloWs: 

Al . An indicia reading terminal comprising: 

[0048] an image sensor having a plurality of pixels formed 
in a plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 

[0049] an imaging lens focusing an image of an article 
Within said ?eld of vieW onto said image sensor; 

[0050] a light generating assembly projecting at least a ?rst 
light formation onto said article for determining dimension 
information of said article, said ?rst light formation being 
projected onto said article Within said ?eld of vieW of said 
indicia reading terminal; 
[0051] Wherein said indicia reading terminal is operable in 
a spatial measurement mode of operation in Which said indi 
cia reading terminal determines at least one of a Width, length 
or height dimension of said article; 

[0052] Wherein said indicia reading terminal, When operat 
ing in said spatial measurement mode of operation processes 
a frame of image data including a representation of said 
article and determines a pixel position for a representation of 
said at least one formation; and 

[0053] Wherein said indicia reading terminal, further in said 
spatial measurement mode of operation utiliZes at least one of 
setup data determined prior to said spatial measurement mode 
of operation being made active, and data determined utiliZing 
said setup data. 
A2. The indicia reading terminal of claim Al, Wherein said 
indicia reading terminal is con?gured to project ?rst and 
second light formations onto said target substrate. 

[0054] A3. The indicia reading terminal of claim Al, 
Wherein said terminal is con?gured to project ?rst and second 
formations onto said article, and Wherein said setup data 
includes pixel position data for representations of said ?rst 
and second light formations, at each of a ?rst and second 
terminal to target distances. 

[0055] A4. The indicia reading terminal of claim Al, 
Wherein said terminal is con?gured to project ?rst and second 
formations onto said article, and Wherein said setup data 
includes pixel position data for representations of said ?rst 
and second light formations, at each of a ?rst and second 
terminal to target distances, and Wherein said setup data fur 
ther includes actual formation distances (the distance 
betWeen the formations) at each of said ?rst and second 
terminal to target distances. 

A5. The indicia reading terminal of claim Al, further includ 
ing a display, Wherein said indicia reading terminal is con?g 
ured so that in said spatial measurement mode of operation 
said indicia reading terminal displays on said display a frame 
of image data being subjected to processing for determining 
measurement information, and further presents on said dis 
play indicators Which may be moved by an operator to des 
ignate feature information of said frame of image data. 
A6. The indicia reading terminal of claim Al, Wherein said 
indicia reading terminal is in communication With an article 
database, the article database including dimension informa 
tion for various candidate article types, and Wherein said 
indicia reading terminal is con?gured so that in said spatial 
measurement mode said indicia reading terminal determines 
one or tWo of Width, length, or height dimensions of said 
article by Way of image processing, and utiliZes said article 
database in for determining one or more of (a) an article type 



US 2009/0039167 A1 

identi?er; (b) an article volume value; and (c) missing dimen 
sion(s) of said article not determined by Way of image pro 
cessing. 
Bl . An indicia reading terminal comprising: 
[0056] an image sensor having a plurality of pixels formed 
in a plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 
[0057] an imaging lens focusing an image of a target sub 
strate Within said ?eld of vieW onto said image sensor; 
[0058] a light generating assembly projecting at least a ?rst 
light formation onto said article for determining a distance of 
said indicia reading terminal to said target substrate, said ?rst 
light formation being projected onto said target substrate 
Within said ?eld of vieW of said indicia reading terminal; 
[0059] Wherein said indicia reading terminal is operable in 
a spatial measurement mode of operation in Which said indi 
cia reading terminal determines a distance of said indicia 
reading terminal to said target substrate; 
[0060] Wherein said indicia reading terminal, When operat 
ing in said spatial measurement mode of operation processes 
a frame of image data including a representation of said 
article and determines a pixel position for a representation of 
said at least one formation; and 
[0061] Wherein said indicia reading terminal, further While 
operating in said spatial measurement mode of operation to 
determine said distance of said indicia reading terminal to 
said target substrate utiliZes at least one of setup data deter 
mined prior to said spatial measurement mode of operation 
being made active, and data determined utilizing said setup 
data. 
B2. The indicia reading terminal of claim Bl, Wherein said 
indicia reading terminal is con?gured to project ?rst and 
second light formations onto said target substrate. 
B3. The indicia reading terminal of claim B 1, further includ 
ing a display, Wherein said indicia reading terminal is con?g 
ured so that in said spatial measurement mode of operation 
said indicia reading terminal displays on said display a frame 
of image data being subjected to processing for determining 
measurement information, and further presents on said dis 
play indicators Which may be moved by an operator to des 
ignate edge positions of said frame of image data. 
B4. The indicia reading terminal of claim Bl, Wherein said 
indicia reading terminal is in communication With an article 
database, the article database including dimension informa 
tion for various candidate article types, and Wherein said 
indicia reading terminal is con?gured so that in said spatial 
measurement mode said indicia reading terminal determines 
one or tWo of Width, length, or height dimensions of said 
article by Way of image processing, and utiliZes said article 
database in for determining one or more of (a) an article type 
identi?er; (b) an article volume value; and (c) missing dimen 
sion(s) of said article not determined by Way of image pro 
cessing. 
Cl . A method for operating an indicia reading terminal com 
prising the steps of: 
[0062] con?guring said indicia reading terminal to project 
at least a ?rst light formation on a substrate Within a present 
?eld of vieW of said terminal; 
[0063] operating the indicia reading terminal in a setup 
mode of operation; 
[0064] While said indicia reading terminal is in said setup 
mode of operation, moving said indicia reading terminal 
betWeen certain terminal to target distances and for each 
certain distance, recording setup data; 
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[0065] thereafter operating said indicia reading terminal in 
a spatial measurement mode of operation, Wherein said indi 
cia reading terminal in said spatial measurement mode is 
con?gured to determine a dimension of an article in a ?eld of 
vieW of said indicia reading terminal utiliZing at least one of 
said setup data determined in said setup mode of operation, or 
data determined utiliZing said setup data. 
C2. The method of claim Cl, Wherein said con?guring step 
includes the step of con?guring said indicia reading terminal 
to include a light generating system projecting ?rst and sec 
ond light formations on said substrate. 
C3. The method of claim Cl, Wherein said setup data includes 
setup data selected from the group consisting of pixel position 
data of representations of each of said ?rst and second for 
mation at each of a ?rst and second terminal to target distance, 
pixel distance of representations of said formations at each of 
said ?rst and second terminal to target distance, and prere 
corded actual distance betWeen said ?rst light formation and 
said second light formation. 
Dl . An indicia reading terminal comprising: 

[0066] an image sensor having a plurality of pixels formed 
in a plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 
[0067] an imaging lens focusing an image of an article 
Within said ?eld of vieW onto said image sensor; 
[0068] a light generating assembly projecting at least a ?rst 
light formations onto said article for determining dimension 
information of said article, said ?rst light formation being 
projected onto said article Within said ?eld of vieW of said 
indicia reading terminal; 
[0069] Wherein said indicia reading terminal is operable in 
a spatial measurement mode of operation in Which said indi 
cia reading terminal determines at least one of a Width, length 
or height dimension of said article; 
[0070] Wherein said indicia reading terminal, When operat 
ing in said spatial measurement mode processes a frame of 
image data including a representation of said article, deter 
mines a pixel position for a representation of said at least one 
light formation and ?nds representations of edges of said 
article; and 
[0071] Wherein said indicia reading terminal, further in said 
spatial measurement mode of operation determines p”, the 
pixel distance betWeen said pixel position and one of (a) a 
pixel position corresponding to another light formation or (b) 
a reference pixel position, determines P”, the pixel distance 
betWeen said representations of edges of said article, and 
determines a dimension of said article selected from the 
group consisting of Width, length, and height dimensions of 
said article utiliZing said determined p”, and P” values and d” 
Where d” is an estimated present actual distance betWeen said 
at least one light formation and (a) another light formation 
projected by said indicia reading terminal, and (b) a reference 
position. 
D2. The indicia reading terminal of claim Dl, further includ 
ing a display, Wherein said indicia reading terminal is con?g 
ured so that in said measurement operating mode said indicia 
reading terminal displays on said display a frame of image 
data being subjected to processing for dimensioning, and 
further presents on said display indicators Which may be 
moved by an operator to designate edge positions of said 
frame of image data, Wherein said indicia reading terminal in 
?nding said representations of said edges reads said edge 
positions designated by said operator. 
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D3. The indicia reading terminal of claim D1, Wherein d” is a 
predetermined value based on design speci?cations for said 
indicia reading terminal. 
D4. The indicia reading terminal of claim D1, Wherein d” is a 
calculated value calculated utilizing at least one of setup data 
recorded in a setup mode of operation and data determined 
utiliZing said setup data. 
D5. The indicia reading terminal of claim D1, Wherein said 
indicia reading terminal, When operating in said spatial mea 
surement mode of operation applies the formula D:(Pn*dn)/ 
p” Where D is the dimension being determined. 
D6. The indicia reading terminal of claim D1, Wherein said 
indicia reading terminal, for ?nding said representations of 
edges, reads edge positions that have been designated by an 
operator of said indicia reading terminal. 
D7. The indicia reading terminal of claim D1, Wherein said 
indicia reading terminal, for ?nding said representation of 
edges utiliZes feature information designated by an operator. 
D8. The indicia reading terminal of claim D1, Wherein said 
indicia reading terminal for ?nding said representations of 
said edges utiliZes edge detection image processing Without 
utiliZing any feature information designated by an operator. 
D9. The indicia reading terminal of claim D1, Wherein said 
indicia reading terminal for ?nding said representations of 
said edges utiliZes feature information designated by an 
operator and edge detection image processing. 
E1. An indicia reading terminal comprising: 
[0072] an image sensor having a plurality of pixels formed 
in a plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 
[0073] an imaging lens focusing an image of an article 
Within said ?eld of vieW onto said image sensor; 
[0074] a light generating assembly projecting at least a ?rst 
light formation onto said article for determining dimension 
information of said article, said ?rst light formation being 
projected onto said article Within said ?eld of vieW of said 
indicia reading terminal; 
[0075] Wherein said indicia reading terminal is operable in 
a spatial measurement mode of operation in Which said indi 
cia reading terminal determines dimensions of said article; 
[0076] Wherein said indicia reading terminal is in commu 
nication With an article database, the article database includ 
ing dimension information for various candidate article 
types; and 
[0077] Wherein said indicia reading terminal is con?gured 
so that in said spatial measurement mode said indicia reading 
terminal determines one or tWo of Width, length, or height 
dimensions of said article by Way of image processing, and 
utiliZes said article database for determining one or more of 
(a) an article type identi?er; (b) an article volume value; and 
(c) missing dimension(s) of said article not determined by 
Way of image processing. 
F1. An indicia reading terminal comprising: 
[0078] an image sensor having a plurality of pixels formed 
in a plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 
[0079] an imaging lens focusing an image of an article 
Within said ?eld of vieW onto said image sensor; 
[0080] a light generating assembly projecting a ?rst light 
formation and a second light formation onto said article for 
determining dimension information of said article, said ?rst 
light formation and said second light formation being pro 
jected onto said article Within said ?eld of vieW of said indicia 
reading terminal; 
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[0081] Wherein said indicia reading terminal is operable in 
a spatial measurement mode of operation in Which said indi 
cia reading terminal determines at least one of a Width, length 
or height dimension of said article; 
[0082] Wherein said indicia reading terminal, When operat 
ing in said spatial measurement mode of operation processes 
a frame of image data including a representation of said 
article and determines a pixel distance betWeen representa 
tions of said ?rst and second light formations; and 
[0083] Wherein said indicia reading terminal, further in said 
spatial measurement mode of operation utiliZes said pixel 
distance for determination of said at least one of a Width, 
length, of height dimension of said article. 
G1. A method for measuring a dimension of an article 
selected from the group consisting of a Width, length and 
height of an article, said method comprising the steps of: 

[0084] (a) providing in a hand held indicia reading ter 
minal a light generating assembly that can project a pair 
of dimensioning light formations onto said article; 

[0085] (b) con?guring said hand held indicia reading 
terminal to include a spatial measurement mode of 
operation; 

[0086] (c) activating said spatial measurement mode of 
operation; 

[0087] (d) manually aligning saidhand held indicia read 
ing terminal relative to said article in such manner that 
said pair of formations are projected on said article in an 
orientation substantially parallel to a ?rst edge of said 
article and substantially perpendicularly relative to a 
second edge of said article; 

[0088] (e) actuating an actuator to capture a frame of 
image data including a representation of said article; and 

[0089] (f) processing said frame of image data to deter 
mine a dimension of said article, said processing includ 
ing processing to determine a pixel distance betWeen 
representations of said ?rst and second formations of 
said frame of image data. 

G2. The method of claim G1, further including the step of 
providing an instruction manual including at least one of the 
instructions that (1) said terminal should be aligned substan 
tially parallel to a ?rst edge of said article and that (2) said 
terminal should be aligned substantially perpendicular to a 
second edge of said article, Wherein said instruction manual is 
selected from the group consisting of a paper instruction 
manual, an electrically displayed instruction manual and a 
played audio recording instruction manual. 
G3. The method of claim G1 , Wherein said manually aligning 
step precedes said actuating step. 
H1. An indicia reading terminal comprising: 
[0090] an image sensor having a plurality of pixels formed 
in a plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 
[0091] an imaging lens focusing an image of an article 
Within said ?eld of vieW onto said image sensor; 
[0092] a light generating assembly projecting a ?rst light 
formation and a second light formation onto said article for 
determining dimension information of said article, said ?rst 
light formation and said second light formation being pro 
jected onto said article Within said ?eld of vieW of said indicia 
reading terminal, Wherein light beams forming said ?rst light 
formation and said second light formation are substantially 
parallel to one another but deviate from one another by a 
deviation angle of less than 5 degrees; 
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[0093] wherein said indicia reading terminal is operable in 
a spatial measurement mode of operation in Which said indi 
cia reading terminal determines at least one of a Width, length 
or height dimension of said article; 
[0094] Wherein said indicia reading terminal, When operat 
ing in said spatial measurement mode of operation processes 
a frame of image data including a representation of said 
article and determines a pixel distance betWeen representa 
tions of said ?rst and second light formations; 
[0095] Wherein said indicia reading terminal, further in said 
spatial measurement mode of operation utiliZes said deter 
mined pixel distance for determination of said at least one of 
a Width, length, of height dimension of said article; and 
[0096] Wherein said indicia reading terminal, is further 
con?gured so that in said spatial measurement mode, said 
indicia reading terminal normalizes terminal to target dis 
tance dependent changes in said pixel distance resulting from 
said deviation angle so that determined dimensions of said 
article are substantially independent of said terminal to target 
distance. 
H2. The indicia reading terminal of claim H1 Wherein said 
deviation angle results from manufacturing tolerances. 
11. An indicia reading terminal comprising: 
[0097] an image sensor having a plurality of pixels formed 
in a plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 
[0098] an imaging lens focusing an image of an article 
Within said ?eld of vieW onto said image sensor; 
[0099] a light generating assembly projecting at least one 
light formation onto said article for determining dimension 
information of said article, said at least one light formation 
projected onto said article Within said ?eld of vieW of said 
indicia reading terminal, Wherein a light beam forming said at 
least one light formation deviates from a parallel relationship 
With an imaging axis of said indicia reading terminal by 
deviation angle of less than 3 degrees; 
[0100] Wherein said indicia reading terminal is operable in 
a spatial measurement mode of operation in Which said indi 
cia reading terminal determines at least one of a Width, length 
or height dimension of said article; 
[0101] Wherein said indicia reading terminal, When operat 
ing in said spatial measurement mode of operation processes 
a frame of image data including a representation of said 
article and determines a pixel position of a representation of 
said at least on light formation; 
[0102] Wherein said indicia reading terminal, further in said 
spatial measurement mode of operation utiliZes said deter 
mined pixel position for determination of said at least one of 
a Width, length, of height dimension of said article; and 
[0103] Wherein said indicia reading terminal, is further 
con?gured so that in said spatial measurement mode, said 
indicia reading terminal normalizes terminal to target dis 
tance dependent changes in said pixel position resulting from 
said deviation angle so that determined dimensions of said 
article are substantially independent of said terminal to target 
distance. 
12. The indicia reading terminal of claim 11 Wherein said 
deviation angle results from manufacturing tolerances. 
[0104] While the present invention has been particularly 
shoWn and described With reference to certain exemplary 
embodiments, it Will be understood by one skilled in the art 
that various changes in detail may be affected therein Without 
departing from the spirit and scope of the invention as de?ned 
by claims that can be supported by the Written description and 
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draWings. Further, Where exemplary embodiments are 
described With reference to a certain number of elements it 
Will be understood that the exemplary embodiments can be 
practiced utiliZing less than the certain number of elements. 

We claim: 
1. An indicia reading terminal comprising: 
an image sensor having a plurality of pixels formed in a 

plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 

an imaging lens focusing an image of an article Within said 
?eld of vieW onto said image sensor; 

a light generating assembly projecting at least a ?rst light 
formation onto said article for determining dimension 
information of said article, said ?rst light formation 
being projected onto said article Within said ?eld of vieW 
of said indicia reading terminal; 

Wherein said indicia reading terminal is operable in a spa 
tial measurement mode of operation in Which said indi 
cia reading terminal determines at least one of a Width, 
length or height dimension of said article; 

Wherein said indicia reading terminal, When operating in 
said spatial measurement mode of operation processes a 
frame of image data including a representation of said 
article and determines a pixel position for a representa 
tion of said at least one formation; and 

Wherein said indicia reading terminal, further in said spa 
tial measurement mode of operation utiliZes at least one 
of setup data determined prior to said spatial measure 
ment mode of operation being made active, and data 
determined utiliZing said setup data. 

2. The indicia reading terminal of claim 1, Wherein said 
indicia reading terminal is con?gured to project ?rst and 
second light formations onto said target substrate. 

3. The indicia reading terminal of claim 1, Wherein said 
terminal is con?gured to project ?rst and second formations 
onto said article, and Wherein said setup data includes pixel 
position data for representations of said ?rst and second light 
formations, at each of a ?rst and second terminal to target 
distances. 

4. The indicia reading terminal of claim 1, Wherein said 
terminal is con?gured to project ?rst and second formations 
onto said article, and Wherein said setup data includes pixel 
position data for representations of said ?rst and second light 
formations, at each of a ?rst and second terminal to target 
distances, and Wherein said setup data further includes actual 
formation distances (the distance betWeen the formations) at 
each of said ?rst and second terminal to target distances. 

5. The indicia reading terminal of claim 1, further including 
a display, Wherein said indicia reading terminal is con?gured 
so that in said spatial measurement mode of operation said 
indicia reading terminal displays on said display a frame of 
image data being subjected to processing for determining 
measurement information, and further presents on said dis 
play indicators Which may be moved by an operator to des 
ignate feature information of said frame of image data. 

6. The indicia reading terminal of claim 1, Wherein said 
indicia reading terminal is in communication With an article 
database, the article database including dimension informa 
tion for various candidate article types, and Wherein said 
indicia reading terminal is con?gured so that in said spatial 
measurement mode said indicia reading terminal determines 
one or tWo of Width, length, or height dimensions of said 
article by Way of image processing, and utiliZes said article 
database in for determining one or more of (a) an article type 
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identi?er; (b) an article volume value; and (c) missing dimen 
sion(s) of said article not determined by Way of image pro 
cessing. 

7. An indicia reading terminal comprising: 
an image sensor having a plurality of pixels formed in a 

plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 

an imaging lens focusing an image of a target substrate 
Within said ?eld of vieW onto said image sensor; 

a light generating assembly projecting at least a ?rst light 
formation onto said article for determining a distance of 
said indicia reading terminal to saidtarget substrate, said 
?rst light formation being projected onto said target 
substrate Within said ?eld of vieW of said indicia reading 
terminal; 

Wherein said indicia reading terminal is operable in a spa 
tial measurement mode of operation in Which said indi 
cia reading terminal determines a distance of said indicia 
reading terminal to said target substrate; 

Wherein said indicia reading terminal, When operating in 
said spatial measurement mode of operation processes a 
frame of image data including a representation of said 
article and determines a pixel position for a representa 
tion of said at least one formation; and 

Wherein said indicia reading terminal, further While oper 
ating in said spatial measurement mode of operation to 
determine said distance of said indicia reading terminal 
to said target substrate utiliZes at least one of setup data 
determined prior to said spatial measurement mode of 
operation being made active, and data determined uti 
liZing said setup data. 

8. The indicia reading terminal of claim 7, Wherein said 
indicia reading terminal is con?gured to project ?rst and 
second light formations onto said target substrate. 

9. The indicia reading terminal of claim 7, further including 
a display, Wherein said indicia reading terminal is con?gured 
so that in said spatial measurement mode of operation said 
indicia reading terminal displays on said display a frame of 
image data being subjected to processing for determining 
measurement information, and further presents on said dis 
play indicators Which may be moved by an operator to des 
ignate edge positions of said frame of image data. 

10. The indicia reading terminal of claim 7, Wherein said 
indicia reading terminal is in communication With an article 
database, the article database including dimension informa 
tion for various candidate article types, and Wherein said 
indicia reading terminal is con?gured so that in said spatial 
measurement mode said indicia reading terminal determines 
one or tWo of Width, length, or height dimensions of said 
article by Way of image processing, and utiliZes said article 
database in for determining one or more of (a) an article type 
identi?er; (b) an article volume value; and (c) missing dimen 
sion(s) of said article not determined by Way of image pro 
cessing. 

11. A method for operating an indicia reading terminal 
comprising the steps of: 

con?guring said indicia reading terminal to project at least 
a ?rst light formation on a substrate Within a present ?eld 
of vieW of said terminal; 

operating the indicia reading terminal in a setup mode of 
operation; 

While said indicia reading terminal is in said setup mode of 
operation, moving said indicia reading terminal betWeen 

Feb. 12, 2009 

certain terminal to target distances and for each certain 
distance, recording setup data; 

thereafter operating said indicia reading terminal in a spa 
tial measurement mode of operation, Wherein said indi 
cia reading terminal in said spatial measurement mode is 
con?gured to determine a dimension of an article in a 
?eld of vieW of said indicia reading terminal utiliZing at 
least one of said setup data determined in said setup 
mode of operation, or data determined utiliZing said 
setup data. 

12. The method of claim 11, Wherein said con?guring step 
includes the step of con?guring said indicia reading terminal 
to include a light generating system projecting ?rst and sec 
ond light formations on said substrate. 

13. The method of claim 11, Wherein said setup data 
includes setup data selected from the group consisting of 
pixel position data of representations of each of said ?rst and 
second formation at each of a ?rst and second terminal to 
target distance, pixel distance of representations of said for 
mations at each of said ?rst and second terminal to target 
distance, and prerecorded actual distance betWeen said ?rst 
light formation and said second light formation. 

14. An indicia reading terminal comprising: 
an image sensor having a plurality of pixels formed in a 

plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 

an imaging lens focusing an image of an article Within said 
?eld of vieW onto said image sensor; 

a light generating assembly projecting at least a ?rst light 
formations onto said article for determining dimension 
information of said article, said ?rst light formation 
being projected onto said article Within said ?eld of vieW 
of said indicia reading terminal; 

Wherein said indicia reading terminal is operable in a spa 
tial measurement mode of operation in Which said indi 
cia reading terminal determines at least one of a Width, 
length or height dimension of said article; 

Wherein said indicia reading terminal, When operating in 
said spatial measurement mode processes a frame of 
image data including a representation of said article, 
determines a pixel position for a representation of said at 
least one light formation and ?nds representations of 
edges of said article; and 

Wherein said indicia reading terminal, further in said spa 
tial measurement mode of operation determines p”, the 
pixel distance betWeen said pixel position and one of (a) 
a pixel position corresponding to another light formation 
or (b) a reference pixel position, determines PM, the pixel 
distance betWeen said representations of edges of said 
article, and determines a dimension of said article 
selected from the group consisting of Width, length, and 
height dimensions of said article utiliZing said deter 
mined pn, and P” values and d” Where d” is an estimated 
present actual distance betWeen said at least one light 
formation and (a) another light formation projected by 
said indicia reading terminal, and (b) a reference posi 
tion. 

15. The indicia reading terminal of claim 14, further 
including a display, Wherein said indicia reading terminal is 
con?gured so that in said measurement operating mode said 
indicia reading terminal displays on said display a frame of 
image data being subjected to processing for dimensioning, 
and further presents on said display indicators Which may be 
moved by an operator to designate edge positions of said 
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frame of image data, wherein said indicia reading terminal in 
?nding said representations of said edges reads said edge 
positions designated by said operator. 

16. The indicia reading terminal of claim 14, Wherein d” is 
a predetermined value based on design speci?cations for said 
indicia reading terminal. 

17. The indicia reading terminal of claim 14, Wherein d” is 
a calculated value calculated utiliZing at least one of setup 
data recorded in a setup mode of operation and data deter 
mined utiliZing said setup data. 

18. The indicia reading terminal of claim 14, Wherein said 
indicia reading terminal, When operating in said spatial mea 
surement mode of operation applies the formula D:(Pn*dn)/ 
p” Where D is the dimension being determined. 

19. The indicia reading terminal of claim 14, Wherein said 
indicia reading terminal, for ?nding said representations of 
edges, reads edge positions that have been designated by an 
operator of said indicia reading terminal. 

20. The indicia reading terminal of claim 14, Wherein said 
indicia reading terminal, for ?nding said representation of 
edges utiliZes feature information designated by an operator. 

21. The indicia reading terminal of claim 14, Wherein said 
indicia reading terminal for ?nding said representations of 
said edges utiliZes edge detection image processing Without 
utiliZing any feature information designated by an operator. 

22. The indicia reading terminal of claim 14, Wherein said 
indicia reading terminal for ?nding said representations of 
said edges utiliZes feature information designated by an 
operator and edge detection image processing. 

23. An indicia reading terminal comprising: 
an image sensor having a plurality of pixels formed in a 

plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 

an imaging lens focusing an image of an article Within said 
?eld of vieW onto said image sensor; 

a light generating assembly projecting at least a ?rst light 
formation onto said article for determining dimension 
information of said article, said ?rst light formation 
being projected onto said article Within said ?eld of vieW 
of said indicia reading terminal; 

Wherein said indicia reading terminal is operable in a spa 
tial measurement mode of operation in Which said indi 
cia reading terminal determines dimensions of said 
article; 

Wherein said indicia reading terminal is in communication 
With an article database, the article database including 
dimension information for various candidate article 
types; and 

Wherein said indicia reading terminal is con?gured so that 
in said spatial measurement mode said indicia reading 
terminal determines one or tWo of Width, length, or 
height dimensions of said article by Way of image pro 
cessing, and utiliZes said article database for determin 
ing one or more of (a) an article type identi?er; (b) an 
article volume value; and (c) missing dimension(s) of 
said article not determined by Way of image processing. 

24. An indicia reading terminal comprising: 
an image sensor having a plurality of pixels formed in a 

plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 

an imaging lens focusing an image of an article Within said 
?eld of vieW onto said image sensor; 

a light generating assembly projecting a ?rst light forma 
tion and a second light formation onto said article for 
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determining dimension information of said article, said 
?rst light formation and said second light formation 
being projected onto said article Within said ?eld of vieW 
of said indicia reading terminal; 

Wherein said indicia reading terminal is operable in a spa 
tial measurement mode of operation in Which said indi 
cia reading terminal determines at least one of a Width, 
length or height dimension of said article; 

Wherein said indicia reading terminal, When operating in 
said spatial measurement mode of operation processes a 
frame of image data including a representation of said 
article and determines a pixel distance betWeen repre 
sentations of said ?rst and second light formations; and 

Wherein said indicia reading terminal, further in said spa 
tial measurement mode of operation utiliZes said pixel 
distance for determination of said at least one of a Width, 
length, of height dimension of said article. 

25. A method for measuring a dimension of an article 
selected from the group consisting of a Width, length and 
height of an article, said method comprising the steps of: 

(a) providing in a hand held indicia reading terminal a light 
generating assembly that can project a pair of dimen 
sioning light formations onto said article; 

(b) con?guring said hand held indicia reading terminal to 
include a spatial measurement mode of operation; 

(c) activating said spatial measurement mode of operation; 
(d) manually aligning said hand held indicia reading ter 

minal relative to said article in such manner that said pair 
of formations are projected on said article in an orienta 
tion substantially parallel to a ?rst edge of said article 
and substantially perpendicularly relative to a second 
edge of said article; 

(e) actuating an actuator to capture a frame of image data 
including a representation of said article; and 

(f) processing said frame of image data to determine a 
dimension of said article, said processing including pro 
cessing to determine a pixel distance betWeen represen 
tations of said ?rst and second formations of said frame 
of image data. 

26. The method of claim 25, further including the step of 
providing an instruction manual including at least one of the 
instructions that (1) said terminal should be aligned substan 
tially parallel to a ?rst edge of said article and that (2) said 
terminal should be aligned substantially perpendicular to a 
second edge of said article, Wherein said instruction manual is 
selected from the group consisting of a paper instruction 
manual, an electrically displayed instruction manual and a 
played audio recording instruction manual. 

27. The method of claim 25, Wherein said manually align 
ing step precedes said actuating step. 

28. An indicia reading terminal comprising: 
an image sensor having a plurality of pixels formed in a 

plurality of roWs and columns of pixels, Wherein said 
indicia reading terminal has a ?eld of vieW; 

an imaging lens focusing an image of an article Within said 
?eld of vieW onto said image sensor; 

a light generating assembly projecting a ?rst light forma 
tion and a second light formation onto said article for 
determining dimension information of said article, said 
?rst light formation and said second light formation 
being projected onto said article Within said ?eld of vieW 
of said indicia reading terminal, Wherein light beams 
forming said ?rst light formation and said second light 




